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Executive  Summary 

Echo  Bay  Minerals  Company  proposes  to  incrementally  increase  the  size  of  the  Lamefoot  underground 
mine,  in  order  to  extract  additional  ore  which  lies  contiguous  with  the  currently-mined  orebody.  The  in- 
cremental impact  of  this  expansion  to  groundwater  and  to  surface  water  resources  has  been  evaluated, 
using  the  same  modeling  analysis  method  as  was  used  for  the  impact  evaluation  and  Finding  of  No  Sig- 
nificant Impact  presented  in  support  of  the  earlier  expansion  of  the  mine  below  the  2,750  foot  elevation. 

The  model  used  for  computation  of  flows  and  impacts  has  been  constructed  using  the  known  topography, 
geology,  and  meteorology  of  the  area,  including  the  two  principal  fault  systems  (the  Wolf  Camp  Fault  and 
the  Curlew  Fault),  the  known  hydraulic  conductivity  of  the  different  materials,  and  the  heads  measured  in 
site  and  regional  wells.  Where  there  was  uncertainty  in  any  of  the  inputs,  the  values  which  would  produce 
the  maximum  mine  inflow  and  head  impact  were  chosen  from  the  measured  ranges.  The  initial  conditions 
predicted  by  the  model  have  been  calibrated  against  the  observed  water  levels  in  the  wells,  by  adjustment 
of  hydraulic  parameters  of  materials  within  their  measured  ranges.  The  model  was  then  subjected  to  the 
hydrologic  stresses  imposed  by  mining,  and  the  inflow  and  head  response  to  mining  was  predicted. 

In  order  to  determine  a conservative  flow  and  impact,  parameters  and  conditions  selected  for  the  analysis 
were  chosen  so  as  to  maximize  inflow  and  drawdown  impact.  The  following  assumptions  were  made: 

1.  Available  infiltration  to  the  ground  surface  from  precipitation  is  assumed  to  be  2.8  inches  per 
year,  or  approximately  20%  of  the  incident  precipitation,  which  is  considerably  in  excess  of 
expected  infiltration  of  5%  to  10%  of  incident  precipitation. 

2.  Faults  in  the  system  (particularly  the  Wolf  Camp  and  the  Gravel  Pit  fault)  are  assumed  to  have 
the  highest  hydraulic  conductivity  measured  during  the  investigation. 

3.  The  crown  pillar  has  been,  or  will  be,  completely  disturbed  by  mining;  due  to  this  assumed 
disturbance  the  crown  pillar  was  assumed  to  have  infinite  hydraulic  conductivity.  This  level  of 
disturbance  has  not  occurred  at  the  mine,  and  may  never  be  realized. 

4.  The  mine  backfill  has  or  will  have  infinite  hydraulic  conductivity. 

The  conclusions  of  this  conservative  analysis  of  the  effects  of  the  incremental  mining  at  the  Lamefoot 
Project  on  groundwater  flow  and  heads  are  as  follows: 

1.  The  maximum  average  groundwater  inflow  to  the  mine  during  mining  is  computed  to  be  115 
gpm,  of  which  approximately  19  gpm  would  pass  through  the  crown  pillar  and  approximately 
96  gpm  would  enter  the  mine  through  the  mine  walls. 

2.  The  maximum  average  groundwater  flow  through  the  mine  after  closure  and  refilling  is  com- 
puted to  be  26  gpm,  of  which  approximately  20  gpm  would  pass  through  the  crown  pillar,  and 
6 gpm  would  enter  the  mine  through  the  wall  rock. 

3.  The  maximum  area  of  the  crown  pillar  that  could  be  impacted  by  permanent  post-mining  wa- 
ter level  reductions  in  excess  of  10  feet  is  approximately  9.7  acres,  assuming  total  disturbance 
of  the  crown  pillar  material. 
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1.  Introduction 

Echo  Bay  Minerals  Company  (Echo  Bay)  proposes  to  incrementally  expand  the  Lamefoot  Mine  to  access 
additional  ore  in  the  crown  pillar  and  at  the  northern  end  of  the  current  Level  6 mined  zone,  as  well  as 
perform  some  limited  development  on  Level  7.  A conservative  evaluation  of  the  groundwater  inflow  to, 
and  groundwater  impact  resulting  from,  this  proposed  incremental  expansion  of  the  Lamefoot  Mine  has 
been  performed,  utilizing  high  estimates  of  infiltration,  disturbance  to  the  mine  crown  pillar,  permeability 
of  the  Wolf  Camp  fault  and  the  Gravel  Pit  fault,  and  backfill  permeability.  These  estimates  were  used  to 
evaluate  flow  and  impact  using  a groundwater  flow  model  calibrated  against  current  water  levels  meas- 
ured in  wells  in  the  vicinity  of  the  mine.  The  analysis  provides  a conservative  estimate  of  inflow  and  head 
impact  which  could  result  from  the  proposed  expanded  mine  development.  The  conservatism  of  the 
analysis  has  been  checked  by  performing  an  expected  case  analysis,  using  parameters  based  on  field  data 
collected  during  the  past  4 years  of  mining  at  the  site. 

2.  Method 

The  method  for  analysis  which  was  used  for  this  bounding  estimate  of  hydrologic  impact  was  the  same  as 
was  undertaken  for  the  prior  evaluations  (Echo  Bay,  1997^).  A summary  of  the  prior  evaluations  is  as 
follows: 

1.  The  topography  of  the  analysis  domain  was  evaluated  from  USGS  and  Echo  Bay  topographic 
plans  for  the  area.  The  analysis  domain  chosen  is  3,000  acres,  which  was  selected  so  that  the 
boundaries  of  the  domain  extend  beyond  any  location  where  impact  could  occur. 

2.  The  geology  of  the  groundwater  flow  system  in  the  vicinity  of  the  mine  was  developed  from 
the  detailed  geological  evaluation  of  the  region  performed  by  Echo  Bay. 

3.  Geohydrological  parameters  were  developed  from  a number  of  field  programs  performed  to 
evaluate  the  hydrology  of  the  groundwater  system  as  part  of  the  environmental  evaluations 
performed  at  the  site. 

4.  Meteorological  parameters  were  obtained  from  local  and  regional  weather  stations. 

5.  A model  of  the  mined  area  was  developed,  by  subdividing  the  3,000  acre  domain  into  6 layers 
to  a total  depth  of  1,750  feet  below  ground  surface. 

6.  The  model  was  analyzed  for  groundwater  flow  and  head  for  the  period  before,  during,  and 
after  mining,  using  a finite  element  groundwater  flow  model^. 


’ Revised  Impact  Evaluation  for  the  Proposed  Expansion  of  the  Lamefoot  Mine,  Echo  Bay  Minerals  Company,  May,  1997,  Appendix  A; 
Mine  Refill  Evaluation,  Lamefoot  Project,  Echo  Bay  Mineral  Company,  Republic,  Washington,  consultant  report  prepared  by  Adrian 
Brown  Consultants,  Schafer  and  Associates,  and  HydroGeo  Consultants. 

^ Brown,  A.,  and  Hertzman,  R.F.,  1998.  ABCFEM:  The  Adrian  Brown  Consultants’  Finite  Element  Method  Flow  and  Solute  Transport 
Model,  Version  5.0  Technical  Specification,  Verification,  and  User’s  Manual,  Adrian  Brown  Consultants,  Inc.,  Denver,  March. 
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The  revised  evaluation  model  includes  the  following  changes; 


1 .  The  model  discretization  was  refined  in  the  area  of  the  mine,  to  allow  a better  representation 
of  the  groundwater  flow  conditions  close  to,  and  above,  the  mine.  This  was  achieved  by  add- 
ing nodes  and  elements,  while  retaining  the  previous  geological  system. 


2.  The  number  of  layers  in  the  model  was  reduced  to  five,  by  amalgamating  the  fourth  and  fifth 
layers  in  the  previous  model  (this  was  done  to  reduce  the  model  size  somewhat).  The  layers  in 
this  model  are  used  to  provide  vertical  discretization  of  the  model  domain,  but  do  not  neces- 
sarily represent  geologically  distinct  zones.  Material  thickness  is  constant  over  each  layer: 


Layer  1:  50  feet 

Layer  2:  100  feet 

Layer  3 ; 200  feet 

Layer  4:  400  feet 

Layer  5:  1,000  feet 


3.  A separate  fully  penetrating  fault  zone  was  added  to  the  model,  running  the  full  length  of  Wolf 
Camp  Creek  valley  within  the  model  domain,  to  represent  the  Gravel  Pit  fault.  This  fault  zone 
was  arbitrarily  included  at  10  feet  width. 


4.  The  effect  of  the  Wolf  Camp  fault  was  included  in  the  model  by  increasing  the  hydraulic  con- 
ductivity of  the  fourth  layer  material  in  the  vicinity  of  the  portion  of  the  fault  which  has  been 
found  to  be  more  permeable  than  the  country  rock.  The  area  affected  is  located  to  the  west  of 
Wolf  Camp  Creek. 

5.  The  uppermost  layer  of  the  model  was  characterized  in  terms  of  the  actual  geological  materi- 
als in  the  subsurface.  In  the  previous  model,  the  upper  50  feet  were  assumed  to  be  the  same 
material;  to  allow  detailed  evaluation  of  the  impact  of  disturbance  in  the  localized  area  of  the 
mine,  the  materials  in  this  layer  were  differentiated  in  the  current  model. 


3.  Model  Construction 

3.1  Geology 

The  geology  used  in  the  model  construction  has  been  developed  by  Echo  Bay  as  part  of  the  characteriza- 
tion of  the  project  area  performed  during  exploration  and  evaluation  of  the  property.  The  Lamefoot  gold 
deposit  is  hosted  by  a sequence  of  Permian  volcanic  siliciclastic  rocks  and  limestones.  The  Permian  host 
rocks  have  been  folded,  faulted,  and  weakly  metamorphosed.  They  are  locally  intruded  by  Tertiary  rhyo- 
dacite  dikes  and  sills  that  post-date  the  gold  mineralization.  All  faults  appear  to  be  healed  and/or  altered 
(Echo  Bay,  1997). 

This  geological  framework  constitutes  the  basis  for  the  development  of  the  discretization  used  in  the 
Lamefoot  Model.  The  surface  geology  is  made  up  of  the  following  principal  materials; 
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1.  Limestone.  This  is  a massive  rock  unit,  subject  to  dissolution  and  limited  karstification  at  or  near  out- 
crop. Except  in  these  locations,  and  along  faults,  this  unit  is  of  low  permeability.  Ore  emplacement 
has  caused  replacement  of  portions  of  this  limestone  with  massive  and  vein  sulfides. 

2.  elastics.  The  volcanoclastic  materials  present  at  the  site  are  mostly  made  up  of  latites,  breccias,  sills, 
and  dikes.  This  unit  is  also  massive,  with  limited  fracturing  and  generally  low  permeability.  In  places, 
this  material  has  been  replaced  by  or  displaced  by  massive  iron  sulfides,  as  a part  of  the  ore- 
emplacement  process. 

3.  Greenstone.  To  the  west  of  the  orebody  is  a greenstone  unit.  This  material  is  predominantly  lightly 
fractured,  and  of  low  permeability. 

4.  Alluvium.  The  western  portion  of  the  site  is  covered  with  a veneer  of  alluvial  material,  predominantly 
made  up  of  glacial  till  and  reworked  glacial  materials.  Except  in  the  valley  of  the  Kettle  River,  and  on 
the  western  flank  of  Wolf  Camp  Creek,  this  veneer  is  generally  less  than  10  feet  thick. 

With  the  exception  of  the  alluvium,  these  geological  units  continue  to  considerable  depth,  with  the  con- 
tacts between  them  (generally  unconformable)  dipping  generally  to  the  west. 

3.2  Structure 

The  principal  Lamefoot  project  area  structural  elements  are  shown  in  Plate  1 : 

1.  ANFO  Fault.  This  is  the  principal  ore-bearing  structure,  and  cuts  across  the  site  area  from  southeast 
to  northwest.  It  generally  dips  steeply  to  the  west.  The  fault  is  typically  healed,  and  does  not  appear 
to  present  a preferential  conduit  for  flow. 

2.  Wolf  Camp  Fault.  The  Wolf  Camp  fault  lies  sub-parallel  to  the  ANFO  fault.  It  is  associated  with  ore- 
body  emplacement,  in  particular  at  the  northern  end  of  the  orebody.  The  fault  has  variable  permeabil- 
ity; in  general  it  has  relatively  low  hydraulic  conductivity  (in  the  order  of  100  ft/yr  over  limited  sec- 
tions), but  in  close  proximity  to  the  orebody  it  is  of  higher  conductivity  (as  high  as  1,100  ft/yr  over  a 
five  foot  section). 

3.  Gravel  Pit  fault.  The  gravel  pit  fault  lies  along  Wolf  Camp  Creek,  and  appears  to  explain  the  presence 
of  the  topographic  expression  of  the  creek.  It  is  generally  not  known  to  be  significantly  more  perme- 
able than  the  host  rock  in  which  it  is  located. 

4.  Curlew  Lake  Fault.  The  Curlew  Lake  fault  appears  to  be  a regional  fault,  bounding  on  the  east  the 
Kettle  River  Valley,  which  is  a complex  graben  structure.  Little  is  known  about  the  permeability  of 
this  feature.  In  general,  to  the  west  of  the  fault  the  alluvial  and  glacial  material  is  thicker  than  to  the 
east. 

In  addition  to  these  major  features,  there  are  a large  number  of  more  minor  structural  features.  In  general 

these  do  not  appear  to  act  as  conduits  for  groundwater  flow. 
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3.3  Parameters 

The  primary  evaluation  of  the  inflow  to  the  incrementally  expanded  mine  comprises  a conservative  esti- 
mate of  hydrologic  impact,  which  assumes  conditions  of  high  infiltration  rates,  complete  disturbance  of 
the  mine  crown  pillar,  and  the  presence  of  high-permeability  faults  associated  with  the  orebody  and  Wolf 
Camp  Creek  in  order  to  maximize  the  computed  flow  into  the  mine  during  operation,  and  through  the 
backfilled  mine  void  after  mining.  The  effect  of  these  assumptions  is  to  provide  a conservative  evaluation 
for  an  unlikely  combination  of  extreme  conditions.  An  expected-case  analysis  also  has  been  performed  to 
evaluate  the  sensitivity  of  the  computed  results  to  the  assumptions  made  in  determining  the  conservative 
case.  The  parameters  used  for  both  analyses  are  described  below,  together  with  a discussion  of  possible 
variability  of  the  parameters. 

3.3. 1 Infiltration  to  the  ground  surface 

The  infiltration  to  the  ground  surface  which  is  used  in  the  analysis  is  2.8  inches/year  (SCS  runoff  equa- 
tion,  D.  Maidment,  1993  ),  which  represents  approximately  18%  of  the  15  to  16  inches  of  total  incident 
precipitation  (Echo  Bay,  1997)  that  occurs  at  the  mine  site.  This  is  generally  sufficient  to  cause  saturation 
of  the  rockmass  up  to  the  ground  surface,  which  is  observed  in  the  well  data.  The  infiltration  is  consid- 
ered to  be  a conservatively  high  amount;  normal  infiltration  in  this  area  would  be  expected  to  be  in  the 
range  of  5%  to  10%  of  incident  precipitation,  or  approximately  1.5  inches  per  year.  This  lower  value  has 
been  used  in  the  expected  case. 

3.3.2  Rockmass  conductivity 

The  hydraulic  conductivity  of  the  rockmass  has  been  measured  by  a large  number  of  tests,  conducted 
from  underground  and  from  the  surface  (Echo  Bay,  1997;  HydroGeo,  1998"^).  The  reasonable  upper 
bounds  of  these  values  for  different  rockmass  types  are  as  follows: 


Table  1.  Material  Hydraulic  Conductivities 


Material 

Shallow  Material  (<750  ft) 

Deep  Material  (>750  ft) 

Clastics/greenstone  east  of  Wolf  Camp  Creek 

0.25  ft/yr  (2.5  x 10’^  cm/sec) 

0.1  ft/yr  (1  X lO'^cm/sec) 

Limestone  east  of  Wolf  Camp  Creek 

0.5  ft/yr  (5  x 10’^  cm/sec) 

0.2  ft/yr  (2  x 10'^  cm/sec) 

Altered  Limestone  Orebody 

0.5  ft/yr  (5  X 10'^  cm/sec) 

0.2  ft/yr  (2  x 10'^  cm/sec) 

For  rock  at  depth,  the  conductivity  values  were  reduced  to  reflect  expected  reduction  of  conductivity  due 
to  increasing  overburden  stress.  This  reduction  was  required  in  part  to  achieve  a reasonable  calibration  of 
the  model  results  to  the  observed  flows  and  heads. 


^ Handbook  of  Hydrology,  David  R.  Maidment,  ed.  McGraw-Hill,  Inc.,  1993 

North  Lamefoot  Hydrogeologic  Study,  Echo  Bay  Minerals,  Kettle  River  Operations,  Lamefoot  Mine,  Republic,  Washington,  report  pre- 
pared by  HydroGeo  Consultants,  Inc.,  dated  January  10,  1998. 
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3.3.3  Wolf  Camp  fault  conductivity 

The  Wolf  Camp  Fault  passes  to  the  immediate  west  of  the  proposed  incrementally  expanded  mine.  Test- 
ing of  the  fault  zone  has  produced  a variety  of  results,  with  the  highest  reported  test  hydraulic  conductiv- 
ity being  approximately  1,100  ft/yr  (10‘^  cm/sec)  for  a reported  5 foot  wide  fractured  zone  in  LF-14 
(Appendix  C,  this  report).  All  other  reported  hydraulic  conductivity  values  for  the  Wolf  Camp  Creek  fault 
are  lower  than  this  value;  the  mean  hydraulic  conductivity  of  the  ANFO  and  Wolf  Camp  fault  intersec- 
tions is  estimated  as  being  100  fl/yr.  The  model  of  the  system  includes  the  Wolf  Camp  Creek  fault  as  a 
dipping  feature  west  of  the  mine,  within  the  fourth  layer  of  the  modeled  material.  In  order  to  include  this 
feature  in  the  fourth  layer,  the  effective  hydraulic  conductivity  of  the  portion  of  the  layer  was  increased, 
using  the  following  formula; 

Keff  = (Krock  * ThicknesSrock  + Kfauu  * Thicknessfauit)  / (Total  Layer  thickness) 

The  effective  hydraulic  conductivity  of  this  unit  in  the  locations  where  it  includes  a five  foot  section  of  the 
highest  permeability  section  of  the  Wolf  Camp  fault  is  computed  as  follows: 

K^ff  = (1  ft/yr  * 395  ft  + 1,100  ft/yr  * 5 ft)  / (400  ft)  = 14.7  ft/yr 

A value  of  15  ft/yr  was  used  in  the  conservative  impact  model.  This  is  approximately  7 times  higher  than 
the  effective  hydraulic  conductivity  for  the  expected  case,  given  by: 

Keff=  (1  ft/yr  * 395  ft  + 100  ft/yr  * 5 ft)  / (400  ft)  = 2.23  ft/yr 

In  the  expected-case  model,  a horizontal  hydraulic  conductivity  value  of  2 ft/yr  was  used  to  include  the 
effects  of  a dipping  fault  through  the  layer. 

3.3.4  Gravel  Pit  Fault 

In  order  to  consider  the  possibility  that  a preferential  flow  conduit  may  exist  from  the  mine  to  Curlew 
Lake,  the  model  includes  a fully  penetrating  feature,  extending  from  the  north  boundary  of  the  modeled 
domain  to  Curlew  Lake.  It  is  included  in  the  model  at  a width  of  10  feet.  The  upper  bound  hydraulic  con- 
ductivity for  this  feature  has  been  selected  to  be  1,000  feet  per  year,  creating  a transmissivity  (hydraulic 
conductivity  times  thickness)  of  1,000  ft/yr  over  10  feet  or  10,000  ft^/yr  for  the  fault  feature  which  is  ap- 
proximately two  times  higher  than  the  highest  value  ever  reported  (1,100  ft/yr  over  5 feet  or  5,500  ft^/yr). 
Selection  of  a higher  conductivity  has  been  shown  to  actually  reduce  the  inflow  to  the  mine,  due  to  diver- 
sion of  regional  groundwater  away  from  the  mine  by  the  fault;  sensitivity  evaluation  indicates  that  the  se- 
lected hydraulic  conductivity  for  this  fault  produces  approximately  the  highest  flow  to  and  through  the 
mine  void. 

3.3.5  Crown  pillar  conductivity 

The  crown  pillar  is  made  up  of  altered  limestone,  elastics,  and  limestone.  The  hydraulic  conductivity  of 
this  material  in  its  undisturbed  (pre-mining)  state  is  the  same  as  the  conductivities  for  the  corresponding 
geological  materials  presented  above.  It  is  possible  that  some  disturbance  of  this  material  may  occur  when 
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the  mining  takes  place  (CANMET,  1997^),  and  that  this  disturbance  may  cause  some  modification  of  the 
hydraulic  conductivity  of  the  crown  pillar  material.  In  order  to  include  all  possible  subsidence  results  in 
this  bounding  or  reasonable  worst-case  hydrologic  evaluation,  it  is  assumed  that  the  crown  pillar  material 
above  the  total  footprint  of  the  mine  void  is  or  will  become  sufficiently  disturbed  to  eliminate  any  signifi- 
cant hydraulic  resistance  from  the  material.  Accordingly,  in  the  mining  and  post-mining  periods,  the  hy- 
draulic conductivity  of  the  crown  pillar  material  has  been  assumed  to  be  infinite^.  Subsidence  does  not 
necessarily  result  in  increased  hydraulic  conductivity.  The  actual  conductivity  of  this  material  will  be  less 
than  the  assumed  value. 

3.3.6  Backfill 

After  extraction  of  ore,  some  of  the  stope  openings  will  be  backfilled  with  either  cemented  or  uncemented 
backfill  materials.  These  materials  will  provide  support  for  adjacent  mining,  and  neutralizing  material  to 
mitigate  acid  formation  within  the  mine.  From  a hydraulic  point  of  view,  the  backfill  will  have  the  effect 
of  reducing  the  hydraulic  conductivity  of  the  filled  voids.  The  resulting  effective  hydraulic  conductivity  of 
the  partially  backfilled  mine  is  difficult  to  evaluate.  Because  the  backfilling  program  does  not  backfill  the 
access  excavations,  and  because  unbackfilled  access  drifts  will  remain  in  the  mine  after  closure,  it  is  as- 
sumed in  all  analyses  that  all  the  materials  within  the  boundary  of  the  mined  orebody  (including  unmined 
ore,  unmined  pillars,  backfilled  stopes,  development  drifts,  and  all  other  mine  elements)  are  infinitely  per- 
meable. This  assumption  is  made  in  order  to  ensure  that  the  analysis  of  flows  into  and  through  the  mine 
void  is  conservative  (that  is,  produces  a high  estimate  of  inflow  and  throughflow).  It  is  equivalent  to  an 
assumption  of  total  extraction  of  all  material  within  the  envelope  of  the  mined  orebody,  with  no  backfill- 
ing, grouting,  or  any  other  flow  control,  and  is  modeled  in  this  fashion. 

3.4  Boundary  conditions 

The  boundary  conditions  that  were  used  are  described  below. 

3.4. 1 Upper  surface 

The  upper  surface  of  the  domain  was  modeled  as  “swamping”.  This  is  a type  of  boundary  condition  which 
imposes  the  following  constraints; 

1.  If  the  head  elevation  at  the  node  is  lower  than  the  elevation  of  the  top  of  the  layer  at  the  node,  then 
the  node  is  a continuity  node^  (that  is  the  head  is  not  fixed,  and  mass  balance  is  maintained  at  the 
node). 


^ Review  of  the  Impact  of  Mining  on  the  Shallow  Rock  Mass  at  the  Lamefoot  Mine,  Washington  State  - Phase  II:  Numerical  Modelling 
and  Analysis  of  Rock  Mass  Displacements  and  Subsidence,  Mining  and  Minerals  Sciences  Laboratory,  July,  1997. 

^ As  a modeling  matter,  in  the  mining  and  post-mining  evaluation  the  crown  pillar  material  has  been  removed  from  the  model  over  the 
footprint  of  the  mine,  and  the  direct  infiltration  which  would  occur  over  that  material  has  been  directly  input  into  the  mine  void. 

’’  The  term  “continuity”  node  is  used  in  ABCFEM  to  denote  a node  at  which  net  flow  is  zero.  These  nodes  are  sometimes  called  “no- 
flow” nodes  in  other  codes;  this  is  potentially  misleading,  in  that  there  is  in  general  flow  tlnough  such  nodes,  but  no  flow  gain  or  loss 
at  the  nodes. 
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2.  If  the  head  elevation  at  the  node  would  rise  above  the  elevation  of  the  top  of  the  layer  at  the  node, 
then  the  head  is  fixed  at  the  head  elevation  equal  to  the  top  of  the  layer  at  the  node,  and  any  flow 
which  emerges  from  the  node  is  allowed  to  flow  to  the  next  downstream  node  in  the  mesh^. 

3.4.2  Other  outer  surfaces 

The  sides  and  bottom  of  the  analyzed  domain  are  continuity  nodes.  This  ensures  that  no  flow  enters  or 
leaves  the  domain  via  these  boundary  nodes. 

3.4.3  Mine  walls 

The  internal  mine  walls  are  modeled  as  fixed  head  surfaces  during  the  mining  and  post  mining  phases  of 
the  analysis.  During  mining,  all  in-mine  nodes  are  set  at  a head  equal  to  the  elevation  of  the  base  of  the 
layer  at  the  location  of  the  node.  Flow  which  exits  from  the  mesh  at  these  nodes  is  directed  to  specific 
sinks,  which  total  the  water  flow.  The  water  so  removed  is  eliminated  from  the  modeled  system  (that  is,  is 
not  re-injected  into  the  model  domain).  If  flow  from  the  void  into  the  mesh  would  occur  at  any  node  due 
to  the  fixing  of  the  head  in  this  way,  the  node  is  converted  to  continuity. 

After  mining,  the  in-mine  nodes  are  set  at  a head  equal  to  the  greater  of  the  elevation  of  the  base  of  the 
layer  or  the  elevation  of  the  point  of  discharge  from  the  mine,  which  in  this  case  is  an  elevation  of  2,760 
feet  AMSL^.  This  implies  that  the  mine  void  will  fill  to  this  head  throughout. 

3.4.4  Analysis  method 

The  analysis  method  used  was  to  analyze  all  cases  as  “quasi-unconfined”.  The  approach  is  the  equivalent 
of  an  unconfined  analysis,  in  which  the  geometry  of  the  flow  system  (and  the  transmissivity)  is  not  modi- 
fied as  a result  of  the  drawdown  which  occurs.  This  approach  is  taken  to  overcome  the  computational 
problems  associated  with  very  large  changes  in  the  head  which  occur  in  the  vicinity  of  the  mine  due  to  the 
mine  excavation  and  dewatering  process. 

In  this  analysis  process,  the  following  approach  is  used: 

1 . The  transmissivity  of  all  “layers”  are  held  constant,  regardless  of  the  location  of  the  computed  top  of 
the  zone  of  saturation. 

2.  The  drainable  porosity  of  the  system  is  included  in  the  top  layer,  which  always  remains  (in  this  case) 
as  the  top  50  feet  of  the  analyzed  zone,  regardless  of  drawdown. 

3.  The  elevation  to  which  the  mine  void  draws  down  the  head  in  the  material  immediately  adjacent  to  the 
mine  is  the  same  for  the  top  three  layers  (the  layers  which  are  intersected  by  the  mine). 

This  approach  has  the  effect  of  moving  the  layered  geometry  in  concert  with  the  movement  of  the  water 
table^®.  Layer  1 remains  the  top  50  feet  of  saturated  material,  regardless  of  the  location  of  the  water  table. 


* The  downstream  node  is  defmed  by  the  node  link,  which  is  input  by  the  analyst  or  can  be  automatically  established  by  the  code. 

^ The  discharge  point  in  this  case  is  the  lowest  point  on  Wolf  Camp  Creek  which  is  underlain  by  the  mine,  which  is  node  # 89  in  the 
mesh. 
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In  circumstances  where  the  principal  result  of  operational  activities  is  drawdown,  this  approach  results  in 
a maximization  of  the  estimated  drawdown  impact  and  the  flow  to  the  mine  for  any  given  set  of  parame- 
ters. 

4.  Conservative  Case 

4.1  Calibration 

4. 7. 7 Method  of  calibration 

The  model  was  calibrated  by  comparing  the  heads  computed  by  the  model  at  points  where  heads  have 
been  directly  measured  in  the  field,  and  adjusting  parameters  in  the  model  until  the  modeled  heads  rea- 
sonably reproduced  the  measured  values.  In  addition,  the  quality  of  the  calibration  was  checked  by  com- 
paring the  measured  flow  conditions  in  the  mine  and  at  the  Wolf  Camp  spring  with  the  model-predicted 
flows  at  those  locations. 

4.1.2  Calibration  water  levels 

The  water  levels  in  the  rockmass  in  the  vicinity  of  the  mine  have  been  monitored  for  some  years.  The  re- 
sults of  that  monitoring  are  presented  by  HydroGeo  (1998).  All  of  the  data^^  has  been  used  as  calibration 
targets  for  the  pre-mining  and  during-mining  conditions  for  the  model.  A graphical  presentation  of  the 
current  water  levels  in  the  vicinity  of  the  project  are  presented  in  HydroGeo  (1998).  For  the  most  part, 
the  water  levels  are  close  to  the  ground  surface,  except  in  locations  immediately  above  the  mine,  where 
the  water  is  already  drawn  down  by  the  current  mine  workings,  and  to  the  west  of  the  Wolf  Camp  Creek 
fault,  where  the  water  levels  appear  to  be  influenced  by  the  presence  of  several  north-south  trending 
faults. 

4. 1.3  Head  calibration  results 

For  the  conservative  case,  the  model  was  run  in  the  pre-mining  condition  with  the  known  geology  and 
measured  hydraulic  conductivities.  The  hydraulic  conductivity  of  the  rockmass  was  increased  to  the  high- 
est values  which  were  within  the  range  of  measured  values  for  each  rock  type,  and  would  also  allow  cali- 
bration of  the  predicted  mining  heads  with  the  measured  head  data.  The  head  results  of  the  calibration 


When  reviewing  the  printed  results  of  the  analysis,  it  should  be  noted  that  the  location  of  each  node  is  reported  as  its  starting  (pre- 
analysis) location.  The  code  does  not  physically  move  the  nodes  in  concert  with  the  movement  of  the  water  table,  but  does  maintain  a 
constant  thickness  for  the  unit.  Accordingly,  at  some  nodes,  the  piezometric  head  may  be  reported  as  falling  below  the  reported  base  of 
the  material  which  occurs  at  the  location  of  the  node.  The  layer  material  does,  however,  remain  fully  saturated  at  all  times  in  the 


analysis. 


“ The  water  level  in  well  LF-13  has  been  rising  since  its  installation,  due  to  the  extremely  low  permeability  of  the  material  in  which  it  is 
completed.  The  water  level  used  for  this  well  (2,692.22  feet  AMSL)  is  considered  to  be  at  or  close  to  the  equilibrium  level,  but  may  be 
lower  than  the  final  equilibrium  level.  It  is  also  likely  that  the  final  level  may  be  influenced  by  the  nearby  mining  activity  which  has 
occurred  as  part  of  the  development  of  the  Lamefoot  mine. 


1371A.980420 


9 


LamefootExpansionHydrology  AdrianBrown 


using  data  taken  in  November,  1997,  and  March,  1998  are  shown  in  Plate  6 for  the  top  layer  of  the  analy- 
sis. The  head  data  are  also  presented  in  Table  2. 

For  the  conservative  case,  the  mean  difference  between  measured  and  computed  head  is  0 feet,  and  the 
standard  deviation  is  28  feet;  the  head  range  is  774  feet  so  the  deviation  represents  4%  of  this  difference. 
The  results  of  the  calibration  are  presented  in  terms  of  modeled  heads  plotted  against  measured  heads  in 
Figure  1.  This  calibration  is  considered  good  for  a regional  model.  The  calibration  targets  and  the  com- 
puted heads  in  each  of  the  layers  of  the  model  are  presented  in  Plate  7.  These  show  that  the  fit  between 
modeled  and  observed  heads  in  the  model  is  generally  good.  Levels  modeled  in  LF-11  are  substantially 
lower  than  measured;  it  is  not  clear  why  the  water  level  at  LF-11  (completed  between  625  and  650  feet 
below  ground  surface)  is  above  the  ground  surface. 


Table  2.  Conservative  Case  Head  Calibration 


Location 

Depth 

Measured 

Date 

Modeled 

Difference 

Comments 

LF- 

feet 

feet 

feet 

feet 

(Difference  = actual  - modeled) 

1 

10-25 

2533 

3/10/98 

2523 

-10 

Layer  1 

2 

21-36 

2642 

3/10/98 

2668 

26 

Layer  1 

3 

510-530 

2842 

3/10/98 

2836 

-6 

Layer  4 

4 

318-338 

2643 

3/10/98 

2675 

32 

Layer  3 

5 

5-15 

2508 

3/10/98 

2476 

-32 

Layer  1 

6 

201-221 

2483 

3/10/98 

2478 

-5 

Layer  3 

7 

44-54 

2465 

3/10/98 

2455 

-10 

Layer  1 

8 

48-58 

2460 

3/10/98 

2501 

41 

Layer  1 

10 

620-720 

2927 

8/12/97 

2911 

-16 

Layer  4;  no  access  9/97-3/98 

lOT 

7-20 

2957 

8/12/97 

2975 

18 

Layer  1;  no  access  9/97-3/98 

11 

625-650 

3234 

8/12/97 

3173 

-61 

Layer  4;  no  access  9/97-3/98 

IIT 

25-38 

3215 

8/12/97 

3234 

19 

Layer  1 

13 

1055-1105 

2692 

3/5/98 

2791 

99 

Layer  5;  affected  by  mine 

14 

1170-1200 

2138 

3/5/98 

2742 

604 

Layer  5;  affected  by  mine 

WCS 

2590 

3/5/98 

2592 

2 

Layer  1;  Wolf  Camp  Spring 

Average 

0 

Excluding  LF- 13,  -14 

St.Dev 

28 

Excluding  LF-13,  -14 

Range: 

774 

Variance: 

4% 

Excluding  LF-13,  -14 
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Figure  1.  Calibrated  Model  Head  Comparison 


4. 1.4  Flow  calibration  results 

Flow  calibration  in  this  model  is  relatively  difficult,  as  a result  of  the  observation  that  there  is  little  flow  at 
the  surface  in  the  pre-mining  condition.  Observed  flow  at  the  Wolf  Camp  spring  averages  17  gpm,  with  a 
range  from  90  gpm  to  2 gpm;  the  model  flow  at  this  point  is  62  gpm  (on  an  annual  average  basis),  which 
appears  to  be  somewhat  high,  suggesting  that  the  2.8  in/yr  infiltration  used  in  the  conservative  model  is 
high. 

4.2  Periods  evaluated 

Three  periods  of  interest  in  the  mining  project  were  evaluated  using  the  calibrated  model:  before  mining, 
during  mining,  and  after  mining. 


11 
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4.2. 1 Before  mining 

The  pre-mining  evaluation  was  run  to  evaluate  the  conditions  prior  to  mining.  This  run  was  performed 
both  for  calibration,  as  well  as  to  provide  the  baseline  against  which  drawdown  in  later  cases  was  meas- 
ured. The  analysis  was  performed  with  the  original  orebody  materials  in  the  mine,  and  with  no  water 
withdrawal  from  the  orebody  or  from  any  wells  in  the  groundwater  system. 

The  heads  which  were  computed  for  pre-mining  conditions  are  shown  for  all  layers  in  Plate  7.  As  can  be 
seen,  the  heads  in  the  lower  layers  are  more  muted  reflections  of  the  head  in  the  uppermost  layer,  which 
in  turn  is  similar  to  the  shape  of  the  topography.  The  heads  shown  in  this  plate  are  the  heads  against 
which  drawdowns  in  future  runs  are  computed. 

Flow  through  the  mine  void  has  been  computed  for  this  phase,  again  for  comparison  with  flows  through 
the  mine  in  later  analyses*^; 

Flow  into  future  mined  material  from  infiltration  through  crown  pillar  1 gpm 

Flow  into  future  mined  material  from  upgradient  to  east  2 gpm 

Flow  out  of  future  mined  material  into  bedrock  to  west  3 gpm 

4.2.2  During  Mining 

A transient  inflow  evaluation  was  performed  to  represent  the  maximal  flow  and  drawdown  during  an  es- 
timated 10  year  mining  period.  As  noted  above,  the  analysis  was  performed  by  making  the  following 
changes  to  the  pre-mining  system; 

1.  The  crown  pillar  material  was  set  to  infinite  permeability  (achieved  by  removing  the  material  from 
over  the  mine  footprint).  Infiltration  to  the  mine  void  through  the  crown  pillar  was  maintained  by  ap- 
plying the  infiltrating  water  from  the  (now  missing)  area  to  the  nodes  around  the  periphery  of  the 
mined  area,  proportional  to  the  area  tributary  to  those  nodes. 

2.  Stream  flow  from  the  area  uphill  from  the  mine  void  was  directed  into  the  mine  void  via  the  node 
which  was  on  the  “stream”  carrying  the  water.  This  is  a conservative  assumption  because  surface 
runoff  is  diverted  around  the  mine  footprint. 

3.  The  mined  material  was  also  removed  from  the  model,  creating  an  infinite  permeability  backfill  mate- 
rial. No  nodes  were  eliminated,  so  all  water  entering  the  mine  void  was  directed  to  the  pumping  sys- 
tem (a  sink). 

4.  Water  entering  the  mine  void  was  pumped  out  of  the  mine  (and  out  of  the  model,  meaning  that  the 
water  was  completely  removed  from  the  domain). 

5.  As  noted  above,  during  mining,  all  in-mine  nodes  are  set  at  a head  equal  to  the  elevation  of  the  base 
of  the  layer  at  the  location  of  the  node. 

6.  The  analysis  was  performed  for  a period  of  10  years,  to  reflect  the  mining  period.  Specific  yield  pa- 
rameters were  selected  for  all  materials  in  the  uppermost  layer,  based  on  reasonable  values;  alluvium: 


Flows  are  reported  to  nearest  gallon  per  minute. 
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10%;  bedrock  (all  types)  0.5%.  All  other  rock  types  were  given  a specific  storage  of  10'^  per  foot  for 
deeper  layers,  reflecting  the  very  low  permeability  which  these  rocks  exhibit. 

The  results  of  the  analysis  of  the  impact  of  mining  are  as  follows. 

The  estimated  conservative  estimate  of  flow  to  the  mine  was: 


Total  flow  to  mine  void  through  crown  pillar  19  gpm 

Total  flow  into  mined  void  from  mine  walls  (ribs)  96  gpm 

Total  flow  into  mine  from  all  sources  1 1 5 gpm 


The  actual  flow  to  the  mine  is  measured  currently.  The  actual  average  flow  to  the  mine  over  the  last  two 
years  has  been  approximately  15  gpm,  with  peak  springtime  flows  in  the  50  gpm  range  (Table  3),  and  low 
flows  in  the  5 gpm  range.  This  suggests  that  the  “conservative”  analysis  over-estimates  flow  to  the  mine 
by  approximately  8 times.  • 


Table  3.  Inflow  to  the  Lamefoot  Mine  1996-97 


MONTH 

1996 

qpm 

1997 

qpm 

Average 

qpm 

January 

5 

5 

5 

February 

5 

5 

5 

March 

38 

12 

25 

April 

38 

42 

40 

May 

42 

15 

28 

June 

59 

31 

45 

July 

17 

19 

18 

August 

8 

8 

8 

September 

5 

5 

5 

October 

5 

5 

5 

November 

5 

5 

5 

December 

5 

5 

5 

Averaqe 

19 

13 

16 

The  head  conditions  at  the  end  of  mining  is  shown  for  the  uppermost  layer  in  Plate  8.  Included  on  this 
plate  are  the  heads  measured  in  monitoring  wells  located  around  the  mine.  As  can  be  seen,  the  head 
drawdown  around  the  mine  are  relatively  localized,  which  is  consistent  with  the  currently-observed  con- 
dition. The  head  conditions  in  all  layers  are  presented  in  Plate  10.  This  plate  shows  that  the  head  in  lower 
layers  are  similar  to  the  head  in  the  surface  layer,  with  greater  head  impact  with  depth  in  the  mine,  and 
some  effect  of  the  mining  being  transmitted  vertically  downward  to  the  more  highly-confined  lower  layers 
not  directly  drained  by  the  mine. 

The  mining  creates  drawdown  around  the  mine  during  the  operational  period.  The  drawdown  created  at 
the  end  of  mining  is  illustrated  for  the  upper  layer  in  Plate  9.  This  plate  shows  that  the  drawdown  does 
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not  extend  to  any  of  the  identified  wetland  areas  around  the  mine.  As  a result,  no  wetland  impact  is  ex- 
pected. Drawdowns  are  likely  over-estimated  by  this  analysis,  as  a result  of  the  high  inflow  to  the  mine, 
the  low  selected  specific  yield  of  the  surface  materials,  and  the  low  specific  storage  of  the  deeper  rock 
materials. 

4.2.5  After  mining 

The  conservative  evaluation  of  the  post-closure  impact  was  modeled  using  the  same  assumptions  as  the 
mining  case  (infinite  crown  pillar  conductivity,  mined  void  material  removed),  but  does  not  involve 
pumping  the  inflowing  water  out  of  the  mine.  The  water  is  allowed  to  pool  in  the  mine  void,  until  the 
outflow  from  the  mine  equals  the  inflow  to  the  mine.  Evaluation  of  the  results  indicates  that  essentially  all 
the  outflow  from  the  mine  exits  to  Wolf  Camp  Creek  via  the  Wolf  Camp  and  Gravel  Pit  faults,  which  di- 
rectly abut  the  mine.  The  dimensions  of  this  portion  of  the  faulted  system  are  280  feet  long,  50  feet  high, 
and  10  feet  wide. 

The  analysis  was  run  to  steady  state,  which  ensures  that  the  maximum  head  impact  resulting  from  the 


mine  will  be  included  in  the  analysis. 

The  estimated  conservative  estimate  of  flow  to  the  mine  was: 

Total  flow  to  mine  void  through  crown  pillar  20  gpm 

Total  flow  into  mined  void  from  mine  walls  (ribs)  5 gpm 

Total  flow  into  mine  from  all  sources  25  gpm 

Total  flow  out  of  mine  via  Wolf  Camp/Gravel  Pit  faults  25  gpm 

Total  flow  out  of  mine  via  mine  wall  outflow  0 gpm 


This  mine  inflow  is  expected  to  be  over-estimated  by  as  much  as  8 times,  based  on  the  during-mining 
analysis  presented  above. 

The  predicted  head  conditions  at  the  end  of  the  mine  has  refilled,  and  the  groundwater  system  has 
reached  its  steady  state  condition,  are  shown  for  the  portion  of  the  uppermost  layer  adjacent  to  the  mine 
in  Plate  1 1 . Included  on  this  plate  are  the  heads  currently  measured  in  monitoring  wells  located  around 
the  mine.  As  can  be  seen,  the  head  drawdowns  around  the  mine  are  relatively  localized,  which  is  consis- 
tent with  the  currently-observed  condition.  The  head  conditions  in  all  layers  are  presented  in  Plate  13. 
This  plate  shows  that  the  heads  in  lower  layers  are  similar  to  the  head  in  the  surface  layer,  with  greater 
head  impact  with  depth  in  the  mine,  and  some  effect  of  the  mining  being  transmitted  vertically  downward 
to  the  more  highly-confined  lower  layers  not  directly  drained  by  the  mine. 

The  mining  creates  drawdown  around  the  mine  after  the  operational  period.  The  drawdown  created  after 
mining  is  illustrated  for  the  upper  layer  in  Plate  12.  This  plate  shows  that  the  drawdown  does  not  extend 
tQ_any  of  the  identified  wetland  areas  around  the  mine.  As  a result,  no  wetland  impact  is  expected.  Draw- 
downs are  likely  over-estimated  by  this  analysis,  as  a result  of  the  high  inflow  to  the  mine,  the  low  se- 
lected specific  yield  of  the  surface  materials,  and  the  low  specific  storage  of  the  deeper  rock  materials. 
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The  area  impacted  by  drawdown  greater  than  10  feet  in  the  crown  pillar  material  (that  is  any  material 
above  the  footprint  of  the  mine  voids)  is  approximately  9.7  acres^^.  This  area  is  shown  on  the  detail  pre- 
sented in  Plate  12.  Head  changes  due  to  the  mine  dewatering  and  post-mining  flow  do  not  propagate  far 
in  the  system,  due  to  the  low  permeability  of  the  surrounding  rockmass,  and  the  presence  of  infiltration 
from  surface.  No  wetland  area  appears  to  be  capable  of  being  impacted  by  the  maximal  head  changes 
computed  in  this  analysis. 

4.2.4  Summary 

The  results  of  the  evaluation  of  the  conservative  case  are  as  follows: 

1 . Drawdown.  No  significant  drawdown  will  occur  in  groundwater  resources  in  the  vicinity  of  the  mine 

during  or  after  mining,  due  to  the  low  permeability  of  the  rocks  in  which  the  mining  is  being  per- 
formed. No  wetland  areas  will  be  impacted  as  a result  of  the  development  of  the  mine.  ^ 

2.  Flow.  The  conservative  estimate  of  flow  to  the  mine  is  presented  in  Table  4.  Flows  appear  to  be  over- 
estimated by  approximately  8 times. 


Table  4.  Computed  Conservative  Case  Flows 


Location 

Before 

(gpm) 

During 

(gpm) 

After 

(gpm) 

Crown  Pillar 

1 

19 

20 

Lower 

2 

96 

6 

Total 

3 

115 

26 

Outflow  to  mesh 

3 

0 

0 

5.  Expected  Case 

In  order  to  provide  some  measure  of  the  degree  of  conservatism  inherent  in  the  above  conservative  case, 
an  “expected  case”  for  the  mine  impact  has  been  developed.  This  case  differs  from  the  conservative  case 
in  the  following  respects: 

1.  The  infiltration  rate  to  the  ground  surface  has  been  reduced  to  a more  expected  level  of  1.5  inches  per 
year,  or  approximately  10%  of  the  incident  precipitation. 

2.  The  average  hydraulic  conductivity  of  the  fault  features  has  been  reduced  to  the  approximate  mean 
conductivity  measured  in  the  field,  that  is  100  ft/yr. 


This  is  the  area  of  the  footprint  of  the  proposed  incrementally  expanded  mine.  The  assumption  that  the  crown  pillar  has  infinite  perme- 
ability results  in  essentially  all  the  crown  pillar  being  subject  (in  this  analysis)  to  drawdown  in  excess  of  10  feet.  It  is  not  expected  that 
this  area  of  pillar  will  actually  desaturate  in  the  real  mine  setting,  and  it  does  not  appear  that  the  entire  crown  pillar  has  desaturated  in 
the  current  mine. 
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The  analysis  continues  to  assume  that  the  hydraulic  conductivity  of  the  crown  pillar  and  the  backfill  mate- 
rial is  infinite,  so  it  is  in  that  respect  still  somewhat  conservative. 

5.1  Calibration 

The  expected  case  was  calibrated  by  computing  the  pre-mining  heads,  and  comparing  the  computed  val- 
ues to  the  measured  values.  No  additional  changes  in  the  model  parameters  were  made  for  this  case  over 
the  calibration  activity  performed  for  the  conservative  analysis.  The  results  are  presented  in  Table  5.  For 
the  expected  case,  the  mean  difference  between  measured  and  computed  head  is  -2  feet,  and  the  standard 
deviation  is  3 1 feet;  the  head  range  is  663  feet  so  the  deviation  represents  5%  of  this  difference.  This  cali- 
bration is  still  good  for  a regional  model. 

5.2  Summary  of  results 

The  results  of  the  evaluation  of  the  expected  case  are  as  follows: 

1.  Drawdown.  No  significant  drawdown  will  occur  in  groundwater  resources  in  the  vicinity  of  the  mine 
during  or  after  mining,  due  to  the  low  permeability  of  the  rocks  in  which  the  mining  is  being  per- 
formed. No  wetland  areas  will  be  impacted  as  a result  of  the  development  of  the  mine.  The  expected 
case  drawdown  impacts  are  similar  to  those  computed  for  the  conservative  case^"*. 

2.  Flow.  The  expected-case  estimate  of  flow  to  the  mine  is  presented  in  Table  6. 


This  is  a result  of  two  countervailing  changes; 
rate  to  the  surface  of  the  modeled  domain. 


a reduction  in  the  conductivity  of  the  faults,  coupled  \\ith  a decrease  in  the  infiltration 
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Table  5.  Calibration  Results  for  the  Expected  Model 


Location 

Depth 

Measured 

Date 

Modeled 

Difference 

Comments 

LF- 

feet 

feet 

feet 

feet 

1 

10-25 

2533 

3/10/98 

2513 

-20 

Layer  1 

2 

21-36 

2642 

3/10/98 

2668 

26 

Layer  1 

3 

510-530 

2842 

3/10/98 

2853 

11 

Layer  4 

4 

318-338 

2643 

3/10/98 

2692 

49 

Layer  3 

5 

5-15 

2508 

3/10/98 

2461 

-47 

Layer  1 

6 

201-221 

2483 

3/10/98 

2466 

-17 

Layer  3 

7 

44-54 

2465 

3/10/98 

2438 

-27 

Layer  1 

8 

48-58 

2460 

3/10/98 

2484 

24 

Layer  1 

10 

620-720 

2927 

8/12/97 

2921 

-6 

Layer  4;  no  access  9/97-3/98 

lOT 

7-20 

2957 

8/12/97 

2975 

18 

Layer  1;  no  access  9/97-3/98 

11 

625-650 

3234 

8/12/97 

3174 

-60 

Layer  4;  no  access  9/97-3/98 

IIT 

25-38 

3215 

8/12/97 

3234 

19 

Layer  1 

13 

1055-1105 

2692 

3/5/98 

2809 

117 

Layer  5;  affected  by  mine 

14 

1170-1200 

2138 

3/5/98 

2741 

603 

Layer  5;  affected  by  mine 

WCS 

2590 

3/5/98 

2592 

2 

Layer  1;  Wolf  Camp  Spring 

Average 

-2 

Excluding  LF- 13,  -14 

St.Dev 

31 

Excluding  LF- 13,  -14 

Range: 

663 

Variance: 

5% 

Excluding  LF- 13,  -14 

Table  6.  Computed  Expected-Case  Flows 


Location 

Before 

During 

After 

(gpm) 

(gpm) 

(gpm) 

Crown  Pillar 

1 

8 

9 

Lower 

2 

38 

4 

Total 

3 

46 

13 

Outflow  to  mesh 

3 

0 

0 

6.  Conclusions 

The  conclusions  of  this  analysis  of  the  effects  of  mining  on  groundwater  flow  at  the  Lamefoot  project  are 
as  follows; 

1.  The  conservative  estimate  of  groundwater  flow  to  the  mine  during  mining  is  115  gpm,  of 
which  approximately  19  gpm  would  pass  through  the  crown  pillar  and  96  gpm  would  enter 
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the  mine  through  the  mine  walls.  This  flow  assumes  total  disturbance  of  the  crown  pillar  mate- 
rial and  high  hydraulic  conductivity  values  for  the  fault  zones. 

2.  The  maximum  groundwater  flow  for  the  conservative  case  through  the  mine  after  closure  and 
resaturation  is  computed  to  be  26  gpm,  assuming  total  disturbance  of  the  crown  pillar  by 
mining  and  no  resistance  to  flow  in  the  mine  backfill.  Of  this  inflow,  approximately  20  gpm  is 
computed  to  pass  through  the  crown  pillar,  and  6 gpm  is  computed  to  enter  the  mine  through 
the  wall  rock. 

3.  The  expected-case  estimate  of  groundwater  flow  during  mining  is  46  gpm,  of  which  8 gpm 
would  pass  through  the  crown  pillar  and  38  gpm  would  enter  the  mine  through  the  mine  walls. 
This  flow  assumes  total  disturbance  of  the  crown  pillar  material  and  average  hydraulic  con- 
ductivity values  for  the  fault  zones. 

4.  The  maximum  groundwater  flow  for  the  expected  case  through  the  mine  after  closure  and  re- 
saturation is  computed  to  be  13  gpm,  assuming  total  disturbance  of  the  crown  pillar  by  mining 
and  no  resistance  to  flow  in  the  mine  backfill.  Of  this  inflow,  approximately  9 gpm  is  com- 
puted to  pass  through  the  crown  pillar,  and  4 gpm  is  computed  to  enter  the  mine  through  the 
wall  rock. 

5.  The  area  of  rock  which  may  be  impacted  by  permanent  post-mining  water  level  reductions  in 
excess  of  10  feet  is  approximately  9.7  acres,  assuming  total  disturbance  of  the  crown  pillar 
materials. 

6.  No  drawdown-related  groundwater  impact  is  expected  on  any  location  adjacent  to  the  mine 
which  has  been  identified  as  a wetland. 

7.  The  conclusions  of  the  evaluation  of  impact  using  the  calibrated  model  are  not  significantly 
affected  by  large  changes  in  the  permeability  of  faults  along  Wolf  Camp  Creek  valley,  or  the 
rate  of  infiltration  of  precipitation. 
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Model  Parameters  and  Output 
Pre-Mining  Condition 
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Gradient  0.17313  0.20628  0.19012  0.18535  0.11832  0.25077  0.23726  0.25821  0.31045  0.28988  0.26615  0.18667  Grad 

Angle  deg  142.01  2.08  184.85  186.09  186.33  151.9  180.74  170.46  166.24  198.5  198.23  165.5  Angle 
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Angle  deg  263.12  262.05  248.14  278.22  83  79.77  62.74  92.24  267.35  234.66  246.59  236.1  Angle 
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ELEM  709  710  711  712  713  714  715  716  717  718  719  720  ELEM 
Nodel  362  362  374  374  370  370  364  364  365  365  366  366  Nodel 
Node2  402  374  403  370  404  364  405  365  406  366  407  354  Node2 
Node3  403  403  404  404  405  405  406  406  407  407  408  408  Node3 
Matl  37  37  37  37  37  37  37  37  37  37  37  37  Matl 


Soil  222222222222  Soil 

Area  ft"2  1975  1975  1405  1405  3090  3090  3130  3130  3665  3665  3795  4870  Area 

Gradient  0.03402  0.03429  0.05167  0.05203  0.06122  0.06124  0.04928  0.04983  0.07064  0.07093  0.06798  0.06805  Grad 

Angle  deg  261.3  253.77  259.31  252.94  255.56  254.73  250.89  243.46  251.62  243.88  242.65  237.12  Angle 
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